Similar short elements in the 5′ regions of the STA2 and SGA genes from Saccharomyces cerevisiae  by Pardo, J.M. et al.
Volume 239, number 2, 179-184 FEB 06438 November 1988 
Similar short elements in the 5’ regions of the STA2 and SGA genes 
from Saccharomyces cerevisiae. 
J.M. Pardo, E. I%ez, M. Zalacain, M.G. Claros and A. JimCnez 
Centro de Biologia Molecular, Universidad Autonoma, Cantoblanco, 28049 Madrid, Spain 
Received 15 July 1988; revised version received 3 1 August 1988 
The 5’ regions of the SGA and ST,42 genes, encoding the intra- and extracellular glucoamylases, respectively, from Snc- 
charomyces cerevisiae have been sequenced. In addition, the transcription initiation sites have been determined. Four dis- 
tinct short elements (named I to IV) were found in both genes. Element III has the consensus sequence PuCATTTAPiG 
with a bilateral symmetry around the central T, and is present in both genes as a direct repeat. This motive seems respon- 
sible for the coregulation of STA2 and SGA by the repressor STAIO gene of S. cerevisiae. 
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1. INTRODUCTION 
The yeast Saccharomyces cerevisiae contains the 
SGA gene for a sporulation-specific intracellular 
gluccoamylase )I -31, ‘Jn abti>$lon, cerldn~ ya&Y>es 
of s. cerevisiae (previously known as S. 
diasltaticuQ carry aqv of the STAI,. STA2 or STA3 
genes which code for extracellular glucoamylases, 
and are located at different genomic loci [4]. 
Restriction, transcription and sequencing analysis 
showed that the STAl to STA3 genes are derived 
from the SGA gene by at least one recombinational 
event with another, not yet characterized gene. 
This unknown gene provides the export domain of 
the STAl to STA3 gene products [2,5,63 and is 
known to transcribe a mRNA of 5.4 kb [2]. The 
SGA gene provides the catalytic domain. 
The STAl to STA3 and the SGA genes were 
shown to be coregulated negatively at the 
transcriptional level by the STAlO gene of S. 
cerevkke i2,7,8]. Interestingly, ikz restriction 
maps of the 5 ’ regions of STAl to STA3 genes are 
totallly different from that of the SGA gene [2,3]. 
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However, it would be expected that they contain 
possibly short, homologous regions that would ac- 
count for their coregulation by STAlO. In order to 
investigate this possibility we have sequenced the 
5’ r ej>ons 05 the STAZ a&~ SGA ~PJXS. 
The 1481 bp BumHI-BamHI DNA fragment (fig.1) from 
plasmid JMp40 12) corresponding to the 5’ region of the STA2 
gene and the 2045 bp EcoRI-Sal1 DNA fragment (fig.2) from 
plasmid JMp79 [2] comprising the 5 ’ region of SGA gene were 
sequenced by the dideoxynucleotide chain termination method 
[9] as modified by others [IO]. Saccharomyces cerevisiae strains 
MCCXI-5d (a, /eu2-3, 112, his4, sfa’, SGA, stalO”), Ml-2b (a, 
rrp>-289, ~~3-52, gaJ2, sfa’, SGA, STAID) and 52%.lb (a, 
arg4, SGA, STA2, stal0”) were described elsewhere [2]. 
Plasmids JMp40 and JMp79 containing STA2 and SGA, 
respectively, were described previously [2]. 
Transcription initiation sites were determined by the high- 
resolution SI mapping procedure described elsewhere [ 111. For 
STAZ, 150 ng of the 1600 bp Pstl-Hind111 DNA fragment from 
plasmid JMp40 (fig.1) was labeled with [y-3ZP]ATP and then 
hybridized to 30 ng of poly(A+) RNA from S. cerevisiae 
5206-lb or Ml-2b. For SGA, 140 ng of the 170 bp BumHI- 
Xhol DNA fragment (fig.2) was labeled with [y-‘2P]ATP and 
then hybridized separately with 15 ng of poly(A+) RNA from 
S. cerevisiae MCCXl-5d or Ml-2b. The Sl digestion products 
were loaded on a polyacrylamide sequencing gel in parallel with 
sequencing reactions performed on a DNA fragment of known 
sequence. 
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-1090 AGAGTTTCGG CCGTTATTTT 
-1030 GGGCTAGCGA TCGCTGCAAA 












-850 TTTTGTCAGG CATTGCACAA 
-790 TTCATGTTGT CTTTTTAACG 
-730 GTTGCAACAA TACGGGCACA 
-670 CTATTGGTGG TGTGATTAAC 
-610 GGATTTGGAG GTATTCGTTT 
-550 MGTGCCTGT TCCAGMCAG 




-310 MCTGTTAGA CTTGTCTTAT 
-250 CAGTTTTATT TACCTTMCA 
-190 TCMGMCGA TMCTCATAG 
-130 AAAAGGATCT TTTGCTTCCT 






















TACGCACACT ATG CAA AGA CCA TTT CTA CTC GTC 
Met Gln Arg Pro Phe Leu Leu Ala 
CTT CTA TTT AAC TCA GCT TTG GGT TTT CCA ACT 































TAT TTG GTC CTT TCG 
Tyr Leu Val LeU Ser 
GCA CTA GTT CCT AGA 
Ala Leu Val Pro Arq 
Fig. 1. Nucleotide sequence of the 5’ region of the SE42 gene. Motives I, II and IV are overlined. Motives III are underlined. The 
triangles indicate the sites of transcription initiation. TATA elements are boxed. 
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Fig.2. I Vuclec 
w I 
-1475 GM TTC AGC CTT GCA * GM CTG CTG TTG GCT WT 
Ph. Glu Ala Ly‘ Cys Ph. Ph. Gln Gln Cl" Ser Thr 
-1439 CGA MC GCT GTC KC TCT GGG CM GTT TAT MC CCC CTT CAT MC ATC Cn; ATA CAG 
S.r V.1 S.E ,.sp Gly brg Pro L." ksn Il. La" Cly Lys "at V.1 Asp Gin Tyr La" 
-1382 CC= CC& OAT CCC CGT CAT GM CAC ATA GCC CGA GTC ATG CGA CCA TAT TX GCA GTT 
Ar9 Trp Il. Gly Thr Mst Ph. V’;,;r Gly Sar &se His Sar TrP Il. Vsl Cys As" 
-1,25 GTT WG GTT CAT GAG CTT GTC ATmT CA= ATT ATG GTC CAT TTT GGT CM CTT Gx 
As" Pro A.,” Il. L." tys Asp Asn Il. I." ksn His Asp M.t Lys Thr L.u Lys Ph. 
-1268 CTG ETG ATT ET-I- TGT CAG CGA CGA GGT CCC ATT TTC AC= CGA TGC TGT TGA CA= MC 
Gln Gin A," Lys Thr Lcu S.t Ser Thr Ala Asn Glu Ar9 S.r Ala Thr Scr La" Ala 
-1211 CTT CTT TTC T'X CTT GGT GGG TGA TGC TGA GAC TGG TGT TTT GTT ,.=A CC= CGA AGG 
Lys Lys Cl,, Gin Lys Thr P 0 SCI Ala Sar Val Pro Thr Lys As" Sar Arq S.r Pro 
TV 
-1154 TAG T&T CAT CTT ACC CAT CAG AAT ATT TTT AX GTG CA= A% CM GGC ==A GIG AGG 
L." Il. Il. Lys Gly Hat L." Il. Am? Lys Alp His L." Iii* Leu Al. s.r His PI0 
-1097 ACT GGC GGA GCT k=cC GAG CT= CGA TX GM CGT TTG TTC GTG GAC TM: GCT CTC MT 
Thr Ala 8.r S.r Ala Lau Gln Scr Val Ph. Thr Gln Glu His Val L.u Ssr Gln Il. 
-1040 TGT TTG TM GTT ‘XC AM CTG GTA CTC GM GCA GTT CAG MC GTT CTG CGC CGC CCC 
Thr Gin La" hsn Pro Ph. Gln Tyr Glu PIi. Cys Asn Leu V.1 Asn Gln Als Al. Al. 
A".1 
-983 CTC TTC CCC OTT CCC TGC GKXG AGC ACT GAT MT GM GTT TGG A% TGT GM CTG 
Glu Glu Gly Asn Gly Ala Asp Ar9 Ala Ser Il. Il. Ph. hsn Pro His Thr Ph. Gin 
-926 
G 
CGC AGC MT ==A GGA TTT ATA GTT MC CTT TCT MT ATT GAG KC GGC GCT GM ACT 
Al& Ala Il. Scr Scr Lys Tyr As" Val Lys brq Il. Asn Leu Gly Al. S.r Ph. Ser 
-869 CCC CCC CCC CGA GK 'XT AK CA= TM GCT GAC GAG GTA GAG ACG CTG ATA GTC GTC 
Ala Pro Pro $.I Asp ArV Asip Lcu "al Ser "al L." Tyr Leu Ar9 Gln Tyr ASP Asp 
-812 CAG GGG GTT GTC CGT TM GTG TAC CGT GTC ACT GTT MT GCT AAA AGC CC= ATA TTT 
Lcu Pro As” Asp Thr Lcu His “al Thr Asp Ser Asn Il. Ser Ph. Ala Pro Tyr Lys 
-755 CAT GTT ==A GM GGT GTC TAT GAT AR= GTA TTT GAG CTT GCC GTT GTG TGG GGA =?A 
!4.t Am S.r Ph. Thr &sp Il. Il. Leu Tyr Lys Leu Lys Gly Asn His Pro S.r Ph. 
-698 GM CTG CAT GCG TM CGA GM CGA GCA AGT TM AAC ACT MT ACLCA CGA ATA AT.. GAT 
Ph. Cln Il. Ar9 Val Ser Ph. SOT Cys Thr Lo" Val Ser Thr Cys S.r Tyr Tyr Il. 
-641 ATA TAT ATG TAT GTA TAT ATA TGT TGA MT GTG TX ACA CGT ACA CGC ACA AGC TX 
Tyr Il. Ris Il. Tyr Il. Tyr Thr Ser Thr His Val Cys Thr Cys Al. Cys Ala V.1 
-584 A=A CCC CAC ccc GCC CGG CAT TC$~?+TACA TACATTTAq CAC#?ATATA TATATATATA 
Scr Ala Val Ar9 Gly Pro Met 
-920 TATGMTATC TMATGTATA TAT#AGCTT GTGATTTCGC GC %$,mG GGCTGAMAG CACAGTATAG 
-450 TG=A=M=M =A=~=A==A= MGGGGAGAG GGGCMTAGC MTCGATG'X GTMMTACA GG=M==CCA 
-380 AGCWGTT CMTGGATGC GGTTCGAGGC CCAGCGCMG GGGGGCGCTT CGMGCATAG MCATTATCC 
-310 m_CGG GTATT&GGGG TGAGGGTGAII TMGGAMCT CAGGGAAAK GGGCCAGAGT MCACCCATT 
-240 CATAGCACTC GTACUGGTG CTTTTAACTT GCCTGCATGT GTGGhGTCAC UTTAGGGG ACKAGGCAC 
-170 AGMGCAAGG GTCCTTTTTT GGTTCCCTGT TTCCTCCTGC GCATTTCGTA TTTTTTCKA KTCTTGGCT 
B.mRI 
-100 C-CC= TATCTGTTCT GTTACACARG AAATCGTACA TTTAC-GATMTC GTGGACTAGA 
+I m - 
-30 GCMGATTTC AMTtiATM CAGCAGCAM ATG GCA AGA CM AA= A1yi TTT TAT MC AAA TTA 
".t Ala Ar9 Gin Lys I4.t Ph. Tyr Asn Lys I." 
m XhoI 
+34 CTC GGC AT= CTC MC GTA ==A TK GGG TTT GCT TGG GCG ?'?+?-=A= MC ATT ACT ATA 
L." Gly Met L." Ser Val Gly Ph. Gly Ph. Ala Trp Al. I." Glu Asn Il. Thr Il. 
+ 
+91 TAC GM TTT GAC TTT GGC AA= GGC ATT CTC CAT CM WC x T C CCC GGT GTA TTT TCA 
Tyr Glu Ph. Asp Ph. Gly Lys Gly Il. L." Asp Gln ?,.I Tyr Gly Gly V.1 Ph. SC= 
PVYII 
+148 MC MC GGC &CT TCG CM GTG CA= CTG CGG GAT =:A GTC TTG AT= MT GGG ACA GTG 
Asn AS" Gly Pro Ser Gin Val Gin LB" Arg Asp Ala Val L." Met Asn Gly Thr V.1 
+205 GTA TX GAT TCA AAC CGC GCT TGG GAC AGT AGT GCG CT= GAG G d TGG CTC CAG ZGA 
Val Tyr Asp Ser As" Gly Ala Trp Asp Ser Ser Ala Leu Gl" Glu Tr'p L." Gln Gly 
+262 CAG AAA AAA GTT KC ATC GM A.& ATA TTT GAA MT ATT GGG CCC AGC GCC GTG TAT 
Gln Lys Lys Val Ser Il. Glu Lys Il. Ph. Glu ,.sn Ile Gly Pro Ser Ala Val Tyr 
r319 CC= TCT ATT T?G CCT GGG GTC GTG &TT GCG TCA CCA TCG CM AC= C&T CCA GM TAC 
Pro Ser Il. S.r Pro Gly val Val Il. Ala Ser Pro Ser Gin Thr His Pro Asp Tyr 
+376 TK TAC CM TGG ATA A== GAC AGC GCG TTG ACG ATA AK WT ATT GTC XT CAT TCT 
Ph. Tyr Gin Trp Il. rrg Asp Ser Ala Leu Thr Ile Am Ser Il. V.1 Ser His Ser 
r433 CC= G& CC= GCa ATA GAG AC= TTA TTG C&G TAC CT= MC GTT TCA TTC CAC TTG CM 
Ala Gly pro ~1. Il. Glu Thr Leu L.u Gin Tyr Leu Am Val Ser Phe His Leu Gln 
r490 AGA d, AAC MC ACA TTG GGC GCT GGC ATT GGT TAC ACT MC GAT ACA GTG GCT Tn; 
Arg Ser Asn Asn Thr Leu Gly Ala Gly Il. Gly Tyr Thr Asn ASP Thr Val Al. LCU 
SalI 
+547 GGA bC CCT MC TGG AK GTCGAC 
GlY Hi5 Pro Lys Trp ASn Val Asp 
Itide sequence of the 5’ region of the SGA gene. (*) The first nucleotide from which the SGA and STAl [I41 are identical; 
(0) nucleotide mismatches in the SC.4 and STAl [14] sequences. Other symbols as in fig.1. 
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3. RESULTS AND DISCUSSION A 
3.1. Nucleotide sequence and transcription 
initiation sites of the 5 ’ regions of STA2 
and SGA 
The nucleotide (nt) sequences of the 5 ’ regions 
of STA2 and SGA are outlined in figs 1 and 2, 
respectively. The sequence from ST’2 shows an 
open reading frame (ORF) starting by an ATG 
codon (nt + 1; fig.1). This triplet is preceded by a 
CACACT sequence highly homologous to the con- 
sensus T/A A C/A A C A, which precedes the 
ATG initiator codon of yeast mRNAs, and is prac- 
tically identical to that (CACAAT) of the HMLall 
and MATal 1 genes [12,13]. The sequence of the 5’ 
region of the STA2 gene is identical to that 
reported for the STA 1 gene [ 141 and spans from nt 
- 126 to nt - 1388. This finding agrees with the 
identical restriction maps of the STAl, STA2 and 
STA3 genes [2,8,14] indicating that, despite their 
scattered location in the yeast genome, they have a 
common origin and encode identical gluco- 
amylases. 
A high resolution Sr mapping experiment 
showed that RNA from strain Ml-2b, which con- 
tains both STA2 and the STA2-repressor STAlO 
genes, lacked any Si-protected DNA band (fig.3B, 
track 2), as expected. In contrast, RNA from strain 
5206-lb (STA2, stale”), which expresses the ex- 
tracellular glucoamylase, protected two fragments 
from the DNA probe; a main one of 183 nt and a 
secondary one of 178 nt (fig.3B, track 1). This 
result indicates that transcription from STA2 starts 
at the C residue located at - 25, with a secondary 
site at the A residue at - 21 (fig. 1). This transcrip- 
tion is probably promoted from either (or both) of 
the TATA boxes located at positions - 100 and 
- 75 (fig.1). 
The SGA gene gives rise to two transcripts of 2.4 
and 1.95 kb, according to one report [2], or to only 
one transcript of 2.0 kb according to others [3,15]. 
The reasons for these differences are not known, 
although there is certain evidence suggesting that 
the synthesis of the 2.4 kb transcript is dependent 
on the growth conditions of the cells [16]. The 
nucleotide sequence of the SGA gene 5 ’ region on- 
ly has a single ORF from EcoRI towards Sal1 
starting at nt + 1 (fig.2). The first ATG of this 
ORF may be considered as the initiator codon of 
the intracellular glucoamylase. The DNA sequence 
Fig.3. Determination of the transcription initiation sites from 
the STA2 and SGA genes. (A) SGA gene. Poly(A+) RNA was 
prepared from strains MCCXl-5d (track 1) and Ml-2b (track 2) 
(as a negative control). Numbers on the right indicate the length 
(in nt) of the standards (GATC) from the sequencing reactions. 
Numbers on the left indicate the size (in nt) of the St-protected 
DNA fragments. The 170 nt fragment, representing full 
protection of the probe, should be derived from the 2.4 kb 
mRNA [2]. (B) STA2 gene. Poly(A+) RNA was prepared from 
strains 5206-lb (track 1) or Ml-2b (track 2) (as a negative 
control). Numbers on the left indicate the size (in nt) of the 
standards (GATC) from the sequencing reactions. Numbers on 
the right indicate the length (in nt) of the Sl-protected DNA 
from nt +96 is identical to that encoding the 
catalytic domain of the extracellular glucoamylase 
of the STAl gene [14]. Both glucoamylases show 
cross-immunoreactivity and, therefore, should 
share similar amino acid sequences [5,17]. In the 
same reading frame, other putative ATG initiator 
triplets are present at nt -405 and -204. 
However, the presence of nonsense codons at posi- 
tions - 399, - 186, - 51, - 48 and - 45 indicate 
that they cannot act as the starting codons for the 
SGA gene product. No other significantly long 
ORF is present in the other two reading frames. 
The long AT-rich region (nt -496 to - 546) 
preceding the site where the 2.4 kb mRNA starts 









fragments. For other details see section 2. 
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transcription if it is recognized as a promoter by 
the KNA polymerase 11. 
The complementary chain to that containing the 
SGA sequence carries an ORF (ORF2) starting by 
an ATG sequence at nt - 563 (fig.2). This se- 
quence has not previously been reported, as in- 
dicated by a data bank search. Whether it could 
correspond to an indispensable gene is being ex- 
amined by gene tisruption experiments. 
To determine the transcription initiation site for 
the 1.95 kb mRNA from the SGA gene, poly(A+) 
RNA was obtained from the yeast strains 
MCCXl-5d, which constitutively expresses this 
transcript [21, and Ml-2b (as a negative control) 
which contains the SGA-repressor ST’10 gene 
and, therefore, lacks the 1.95 kb transcript [2]. 
Both RNAs protected a 88 nt fragment from the 
DNA probe (fig.3A, tracks 1 and 2). However, on- 
ly the RNA from that strain expressing the 1.95 kb 
mRNA protected a fragment of 91 nt (fig.3A, 
track l), indicating that it derives from this 
mRNA. Therefore, transcription for the I.95 kb 
transcript starts at the G residue at - 14 (fig.2), 
and is most likely promoted from the TATA box 
locaneh & -% :I*ig ?d> .“l’ne oi@n 07 ‘ine’rransci#T 
which protects the 88 nt fragment in those strains 
is not yet clear. One possibility is that it cor- 
responds to URFZ (see above), although this has to 
be rigorously examined. 
3.2. Comparison of the nucleotide sequences of 
STA2 and SGA 
The finding that the SGA and STA2 are co- 
regulated at the transcriptional level by the STAlO 
gene intitcales that they contain homo’togous se- 
quence(s) in their 5’ regions. A computer search 
showed that there are four distinct homologous 
elements which were named I to IV (figs 1 and 2). 
A comparative schematic representation is shown 
in fig.4. Elements I, II and IV are present twice in 
SGA and only once in STA2. Most interesting is 
homology III of 9 nt, which is present as a direct 
repeat in both genes. Each repeat has a bilateral 
symmetry (PuCATTTAPiG) taking the central T 
as the axis. Similar geometric motives have been 
found in other regulatory regions of yeast genes. In 
both STA2 and SGA genes one of the direct 
repeats is located next to the TATA boxes (figs 1,2 
and 4) and, therefore, is a good candidate to be the 
motif for the regulation by STAlO. Indeed, initial 
resri1xs diin_13rc3rnbrerTDr~l_~~as~~~s’~n~~c~~e fear 
the DNA region downstream from the BstEII site 
-900 AAAGAACTGCTGAT -007 -616 TTCAATGGATTTGG -603 -526 ACATTTATG -518 -219 GCATTTACG -211 
-uw - 1147 -4 tt CAATGliliTmzii -400 
TATA E TATA 
d 
Fig.4. Schematic representation of the STA2 and SGA 5’ regions. Only relevant TATA boxes are indicated. 
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(figs 1 and 4) of the STA2 gene maintains both 
promoter activity and repressor capacity by ST’10 
(Claros, M.G. and Jimenez, A., unpublished). 
Regulation of the expression of STA genes is of a 
complex nature, being not only repressed by the 
STA 10 gene, but also by the mating type locus and 
the presence of mitochondria; it also may be sub- 
jected to catabolite repression [8]. The possible 
roles that homologies I to IV play in these 
regulatory mechanisms is presently being studied. 
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